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The chemical entity "trichophytin", an an-
tigenic preparation from the dermatophytes, has
not been clarified even today. The earliest in-
vestigation on its chemical nature goes back to
1925 when Bloch, Labouchere and Schaaf (1)
ascribed the active principle of his "Trocken-
trichophytin" preparation to an water-soluble
polysaccharide containing nitrogen. Since then,
the majority of investigators in this field re-
ported that the polysaccharide fraction or frac-
tions isolated from the mycelium or from the
culture ifitrate of dermatophytes were much
more specific to intracutaneous reaction and
other serologic reactions on experimental tn-
chophytosis of man than the protein and some
other fractions obtained from the same organism.
Different views were, however, expressed by
some authors. For example, Sampei (2) pointed
out the effectiveness of protein and lipid tnich-
ophytins, and Meyer, Sartory, Maigras and
Touillier (3) similarly isolated a protein-like
trichophytin preparation from mycelia as well
as from culture medium of a dermatophyte. Ac-
cording to Kono (4), his presumed ribonucleic
acid fraction showed higher antigenic specificity
to skin and precipitin reactions than any other
fractions from the same organism. Fuke (5) and
Kull, Brun and Jadassohn (6) also suggested
the activity of protein fractions.
The probable cause for such a discrepancy
may be attributable to the fact that no standard-
ization in the material and in the preparative
method of trichophytin is yet available, leaving
each worker liberty to prepare it by his own
method. Thus, extract from myceial maccrate
or the fluid culture medium itself, or a mixture
of them, was employed at wifi.
Furthermore, the above-mentioned discrep-
ancy might have originated in part from the
diversity in the titration method used for de-
termining its antigenicity, in considering the
fact that the titers of trichophytin as deter-
mined by skin, precipitin and complement-fixa-
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tion reactions, etc., are not directly comparable
to each other, as demonstrated in the experi-
mental trichophytosis (7).
In an attempt to settle the controversy of the
chemical nature of tnichophytin, studies were
made by the present authors first to perform a
thorough fractionation of the mycelial and me-
dium constituents showing positive trichophytin
reaction, followed by extensive purification, and
then to clarify their chemical natures by iden-
tifying their components. In this way it may be
possible to find out possible correlationship be-
tween the chemical composition of these purified
preparations and their antigenicity, as evaluted
from their effects on the intracutaneous reaction.
In the present report with Trichophyton
mentagrophytes var. asteroides used as the test
organism, such a thorough fractionation was
effected by means of a combination of Sakai's
method (8) for nitrogen-containing polysac-
charide and Kono's method (4), a modification
of Ikenaga's one (9), with which three fractions
including polysaccharide, protein and nucleic
acid fractions had been obtained by the original
author. At the same time, the corresponding
culture medium was fractionated by means of
ethanol fractional precipitation. Crude fractions
obtained by these procedures were subjected to
elution column chromatography with DEAE-
Sephadex, which finally gave twenty-two purified
fractions. The antigenicity and the chemical
composition of these fractions will be reported
later.
MATERIALS AND METHODS
Test Organism: A strain of Trichophyton men-
tagrophytes var. asteroides, kindly supplied by
Prof. T. Tsuchiya of Juntendo University, Tokyo,
was cultured at 27°C for four weeks on Sabouraud's
2% glucose broth at pH 6.
Elution Column Chromatography: A column of
DEAE-Sephadex A-SO (medium size) in chloride
form was employed, after being buffered and
washed with 0.1 M Tris-HCl buffer (starting buffer,
pH 7.5).
Each crude fraction, obtained from the myce-
lium and from the culture medium by the pro-
cedures mentioned in the part of experimental
result, was dissolved either in distilled water or
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in a starting buffer solution and was applied to
the column. Step-wise elution was made with three
kinds of buffer systems of varying ionic strength;
0.5 M Tris-HC1 buffer, pH 7.5
1.0 M Tris-HC1 buffer, pH 7.5
1.0 M Tris-HC1 buffer, pH 7.5, containing 1.0
M NaC1
Each 5 ml of the eluent was collected by means
of a fraction collector. An ultraviolet absorption
measurement at 260 and 280 m was made on each
fraction using Beckman-type spectrophotometer.
Anthrone and ninhydrin reactions were also made
on an aliquot of each fraction and absorbancy of
the color developed was determined at 620 and
570 m, respectively, with the same apparatus.
Values of absorption measurements were plotted
against the fraction numbers, and thus four differ-
ent kinds of elution curves were obtained for each
crude fraction.
The remaining portions of eluent correspond-
ing to each peak of these elution curves were
collected together and were dialyzed against run-
ning water, freeze-dried, and stored in a desiccator.
ExPERIMENTAL RESULTS
I) Extraction and Separation of Crude Fraction.s
(Fig. 1)
From the Mycelium: Wet mycelia from a four-
week culture, weighing 560 g, were ground in a
mortar and the macerate was extracted repeatedly
with three volumes of water containing 0.5%
phenol at 700 C for each 30 minutes with mechan-
ical stirring, to give a combined extract totaling
nine liters. This was concentrated in vacuo at
60° C to 500 ml. To the concentrate were added
50 ml of acetone and the pH of this mixture was
adjusted to 4 with a dilute hydrochloric acid.
After allowing it to stand overnight in a cold
room, insoluble material was filtered off under
suction and 550 ml of acetone were added to the
ifitrate. Again after leaving it overnight, the pre-
cipitate formed was centrifuged, washed with
ether and dried. The brown-colored powder thus
obtained was designated as Ws fraction.
The insoluble mycelial residue, left after the
extraction with 0.5% phenol-water, was then ex-
tracted with 500 ml of water containing hydro-
chloric acid (pH 3.4) for 30 minutes in a boiling
water-bath. Such an extraction at boiling tem-
perature was repeated three times to give a total
1.5 1 of the extract. To this extract, sodium acetate
was added to make final concentration of 0.5%
and then three volumes of acetone were added.
After allowing it to stand overnight in a cold
room, the precipitate obtained was centrifuged
down and was suspended in 20 ml of water. The
pH of this suspension was adjusted to 3.4. After
centrifugation, the supernatant, namely the frac-
tion soluble at pH 3.4, was mixed with an equal
volume of saturated pieric acid solution and the
resulting precipitate was discarded. The super-
natant was mixed with three volumes of acetone
in the presence of 0.5% sodium acetate and the
resulting precipitate was washed three times with
acetone. After certain procedures as indicated in
Fig. 1, white powder was obtained which was
named Ta fraction.
The precipitate formed by the addition of picric
acid was, after washing, suspended in 20 ml. of
water and the pH of this suspension was adjusted
to 9 with a dilute NaOH solution. After stirring,
it was centrifuged and the precipitate was again
suspended in a similar way. This procedure was
repeated three times and the supeniatants obtained
were combined together. To this "pH 9-soluble
fraction" were added three volumes of acetone
and the precipitate formed was, after being washed
three times with acetone, suspended in 20 ml of
water at pH 7.5 and was dialyzed against water
for a day. The dialysate was centrifuged and the
supernatant as well as the precipitate were treated
as shown in Fig. 1. The soluble fraction gave
white powder which was designated as Tp7s, and
the precipitate yielded a fraction named Tp7p.
Thus, four fractions in all were isolated from
myceia, among which Wa fraction corresponds
to the Pi fraction of Sakai (8), and Ts, Tp7s
and Tp7p correspond to the F, p and 70 frac-
tion respectively in Kono's method (4). The
supernatant fractions left after separation of
these four fractions, were found to give negative
(or pseudo-positive) intracutaneous reaction to
rabbits when tested after concentration. There-
fore, the active substances in the mycelium were
considered to be exclusively concentrated into
these four fractions. Yields of these crude frac-
tions are shown in Table I.
Results of some color reactions on these four
fractions are shown in Table II, and their ultra-
violet absorption spectra were cited in Fig. 2.
From these results, the Tp7s and Tp7p frac-
tions, both of which have absorption maxima
at around 260—270 m, are presumed to contain
nucleic acid or protein constituents, and this
presumption is assisted by the results of certain
color reactions in Table II. Similarly, it is sug-
gested that the Ws fraction contains a protein
component in addition to polysaccharide,
whereas the Ta fraction showing extremely weak
absorption at around 260—280 m almost ex-
clusively consists of polysaccharide.
From the Culture Medium: Three liters of
culture medium were dialyzed against running
water for one week in a Visking cellophane tube
to remove the metabolites and the medium in-
gredients of smaller molecular weights. The dial-
ysate was concentrated to 150 ml under reduced
pressure at a temperature not exceeding 50° C.
To this concentrate, ethanol was added to give
extracted five times
with hot 0.5% phenol,
and ifitered
Residue
suspended in 500 ml of water,
adjusted pH 3.4, extracted
while boiling, and filtered
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Wet mycelia (560 g)
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Fie. 1. Extraction and fractionation method of crude trichophytins from the myceliurn
of Trichophyton mentagrophytes var. asteroides.
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TABLE I
Yields of crude fractions isolated from the mycelium
of T. mentagrophytes var. asteroides
Fractions
Myceliuxn Culture medium
Ws Ta Tpls Tp7p 25E 75E SE
Yield (mg) 1,000 300 73 73 250 1,050 500
Starting material: 560 g of wet mycelia.
TABLE II
Color reactions on crude fractions isolated from the
mycelium of T. mentagrophytes var. asteroides
Reaction
Fraction
Wa Ts Tp7s Tp7p
Anthrone
Molisch
Bial
Ninhydrin
Gomori (inor-
ganic P)
+++
++
—
++
+
+++
++
—
.-
—
++
+
+
+
—
—
++
+
the desired final concentrations. Thus, the frac-
tions precipitating at 0—25, 25-75 and above
75% ethanol concentration were obtained, which
were called 25E, 75E and SE respectively. The
yields of these fractions are indicated in Table I.
II) Purification of Each Crude Fraotion by
Elution Column
Chromatography
Ws fraction: Elution curves with this fraction
are shown in Fig. 3. With 0.5 M Tris buffer as
eluent, two large peaks appeared in the curve
of the anthrone reaction. Then, during elution
with 1 M Tris buffer, a high peak appeared in
the E,, curve (absorbaney at 260 mt) and also
in the E,,, curve. The fractions corresponding
to these peaks were named Ws(1), Ws(2) and
Ws (3), respectively. It is quite probable that
the Ws( 1) and Ws (2) mainly consist of poly-
saccharide, while the Ws(3) is of protein or
nucleic acid nature.
Ts fraction: As shown in Fig. 4, two large
anthrone peaks appeared during the elution with
0z
0
l.0
250 300 350 400 mji.
WAVE LENGTH
FIG. 2. Ultra-violet absorption spectra of the crude fractions isolated from the mycelium
of Trichophyton mentagrophytes var. asteroides. Tp7p fraction; ———----Tp7s fraction;
Ts fraction; ————Ws fraction.
0.5 M Tris buffer, the first one being overlapped
by small peaks of ninhydrin reaction and of E0
absorption, and the second one being accompa-
nied by a small E peak. No other distinct peak
was detected upon further elution.
From these results, it is clear that the Ts
fraction is composed almost solely of polysac-
charide which contains neither protein nor nu-
cleic acid component in any significant amount.
This is in agreement with the low absorbancy at
260—280 m region on the ultraviolet absorption
spectrum of this Ts fraction, as described al-
ready.
Tp7s fraction: As shown in Fig. 5, two
anthrone-positive peaks, though small in size,
appeared on the 0.5 M Tris elution, which was
followed by a peak on the E curve and then
by a large E peak. Among these subfractions,
Tp7s(1), (2) and (3), the Tp7s(3) is assumed
to correspond to Kono's nucleic acid fraction
(4), considering the fact that the ratio of E,,,o
versus E is as big as 1.8 at pH 7.5, and that
the crude Tp7s fraction showed absorption max-
imum at 260 m. This subfraction was further
supposed to be ribonucleic acid or ribonucleotide,
since it give negative Webb-Levy reaction (10)
which is specific to DNA and it gave positive
Webb reaction (11) specific to RNA.
TpYp fraction: The elution curves on this frac-
tion are cited in Fig. 6. This fraction contains a
very small quantity of carbohydrate and con-
sequently no anthrone-positive peak was ob-
tained. On the eluent with 0.5 M tris buffer,
curve showed two peaks, Tp7p(1) and (2).
Among them, the former is considered to be
protein or peptide, corresponding to the purified
protein fraction (Fraction 70) of Kono's report
(4), while Tp7p (2) was supposed to be nucleic
acid or nucleotide, similar to the above-men-
tioned Tp7s(3), because the E,O/E,O ratio is
very large (1.5 at pH 7.5).
5E fraction: This fraction from the culture
medium, precipitable at 25% ethanol concentra-
tion, gave the elution curves shown in Fig. 7.
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As is clear from the curve of anthrone reaction,
this fraction contains little carbohydrate. By 0.5
M Tris buffer elution, subfraction 25E(5) which
is supposed to be protein or peptide was ob-
tained, which was followed by similar subfrae-
tions25E(6) and (7).
75E fraction: This fraction, precipitated be-
tween 25 to 75% ethanol concentration from the
culture medium, has high carbohydrate content.
As indicated in Fig. 8, two large peaks appeared
on the anthrone reaction curve in the region of
0.5 M Tris buffer elution. This was followed by
a large E,, peak. In the eluent with 1 M Tris
buffer, a peak on E,,, curve appeared again. Of
these fractions 75E (1) to (4), the 75E(4) proved
to contain practically no carbohydrate.
Se fraction: This fraction, precipitable over
75% ethanol, showed the elution curve as shown
in Fig. 9. In the 0.5 M Tris region, an anthrone-
positive peak accompanied by a relatively low
E, absorption appeared first (SE(1)), which
was then followed by a high E,,, peak (Se(2)).
In the 1 M Tris region, an anthrone-positive
peak (SE(3)) and a large E, peak (SE(4))
were detected. Among these subfraction SE(1)
to (4), only SE(3) may possibly be contami-
nated by SE(4).
III) Presumptive Constitution of the
Purified Fractions
As is clear from the above results, any one of
four crude fractions extracted from the mycelium
of T. mentagrophytes var. asteroides, which cor-
respond to trichophytin fractions of Sakai and
of Kono, is far from homogeneous.
They were further divided into eleven purified
subfractions by means of an elution column
chromatography with DEAE-Sephadex A-50.
Similarly, three crude fractions from the culture
medium of the same organism were purified to
also yield eleven subfractions. Thus, a total of
twenty-two water-soluble fractions with trich-
ophytin activity were obtained in a suffi-
ciently pure state.
The probable chemical nature of these frac-
tions was elucidated from the elution curves
obtained by the anthrone reaction, ninhydrin
reaction, and absorption measurements at 260
and 280 mt, and the result is shown in Table
III. Detailed examination on the intensity of
their antigenicity and chemical constitution will
be reported in the following paper.
TABLE III
Presumptive constitution of the purified fractions
isolated from the culture of T. mentagrophytes
var. asteroides
Fraction AnthroneReaction
Bial
Reaction NinhydrinReaction
PresumptiveConstitutions
Aux-Main
Corn- iliaryCom-
ponent ponent
Ws(1)
We (2)
Ws(3)
Ts(l)
Ts (2)
Ts(3)
Tp7s (1)
Tp7s (2)
Tp7s (3)
Tp7p(l)
Tp7p (2)
See Table 2
PS
Ps
Pr
PS
Ps
PS
PS
PS
RNA
Pr
RNA
Pr
Pr
PS
Pr
Pr
Pr
Pr
Pr
PS
25E(l)
25E(5)
25E(6)
25E(7)
-f-
—
—
—
—
—
—
PS
Pr
Pr
Pr
75E(l)
75E(2)
75E(3)
75E(4)
+++
++
+
—
+
+
—
—
++
++
+
+
PS
PS
Pr
Pr
Pr
Pr
PS
SE(1)
SE(3)
SE(4)
+++
+
—
—
—
—
+
++
++
PS
PS
Pr
Pr
Pr
* PS: Polysaccharide, Pr: Protein, including
peptide, RNA: Ribonucleic acid, including ribo-
nucleotide.
STThSMARY
Twenty-two fractions having trichophytin
activity were isolated from the myceium and
the culture ifitrate of Trichophyton merttagro-
phytes var. asteroides cultured at 27 C for four
weeks on Sabouraud's glucose broth.
Any one of four crude fractions obtained from
the mycelium according to a combination of
Sakai's (8) and Kono's methods (4), was shown
to be heterogeneous, giving rise to from 2 to 3
subfractions upon purification by the stepwise
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elution column chromatography with DEAE-
Sephadex A-50 and Tris-HCI buffer system.
Thus, eleven purified fractions having trich-
ophytin activity were obtained from the
mycelium.
Three active fractions obtained from the cul-
ture filtrate by the ethanol fractional precipita-
tion method were divided further into eleven
subfractions by a similar chromatographic tech-
the.
The majority of these fractions was presumed
to be polysaccharide substances containing a
small quantity of protein or peptide. Some pro-
tein and nucleic acid fractions were also detected.
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